Demand of cement in developing countries is directly proportional to the development rate of that country. But increasing input cost of cement manufacturing, decreasing margin of profit, scarcity of raw coal availability and emission of greenhouse gases are some constraints, which restrict the growth of cement industry. Hence to combat with all these adverse situations simultaneously, this project report introduces and efforts to generate clean and green energy with the help of combination of preheater tower, which is available in all integrated cement plants and an augmented wind turbine. Hence, the technology is named as "Power Producing Preheaters" or 3P.H. Introduction of 3P.H. in cement industry, generates a definite amount of clean and green energy (as per site conditions), which is directly used in cement production to avoid grid connectivity cost of wind turbine output. Calculations are done to show the overall cost of project, its payback period and reduction in emission of greenhouse gases along with its benefits in cement industry.
Introduction
The manufacturing process of cement consists of mixing, drying and grinding of limestone, clay and silica into a composite mass. The mixture is then heated and burnt into a preheater and kiln, to be cooled in an air cooling system to form clinker, which is the semi finished product. This clinker is cooled by air and subsequently ground with gypsum to form cement [1] . There are three types of process to form cement-wet, semi dry and dry process. In the wet/semi dry process, raw material is produced by mixing limestone and water (called slurry) and blending it with soft clay. In the dry process technology, crushed limestone and raw materials are ground and mixed together without addition of water. The dry and semi wet processes are more fuel efficient. In the wet
Introduction of Wind Power
Wind is air in motion. It is generated due to earth's rotation due to which there is uneven heating of earth's surface by sun rays. The sun rays cover a much greater area at the equator and smaller area at the poles. Hence the hot air rises from the equator and expands towards the poles, which causes wind. Wind has mass and mass in motion has a momentum, which is a form of energy that can be harvested through a wind turbine. A wind turbine is a system which transforms the kinetic energy available in the wind into mechanical or electrical energy that can be used for any required application.
Advantages of Wind Power
Lots of advantages of wind turbine or wind power are clearly visible. Some of them are-one time installation cost, low operational and maintenance cost, no fuel cost, environment friendly and pollution free, lowest gestation period, limited use of land. In all above advantages the most important is zero emission of green house gases which is the most needed step for current scenario to avoid climate change.
Power (theoretical) in the wind can be expressed as [3] In 1919, the physicist, Albert Betz showed that from an ideal wind turbine, maximum kinetic energy conversion limit is 16/27 i.e. 59.3% of the kinetic energy of wind to be capture. This is known as Betz limit or Betz law and can be used in any wind turbine. Since this is the maximum limit of kinetic energy conversion hence in any case of modern wind turbine design, the practical limit may reach up to 70% to 80% of the theoretical limit.
Hence in actual power obtained from the wind turbine can be expressed as 3 wind 1 P ρ A V Cp 2 = × × × × [3] where: P wind = Power in the wind (w/m 2 ). ŋ e = Electrical efficiency. ŋ aero = Aerodynamic efficiency.
Typical Arrangement of a Wind Turbine
The conversion of wind energy to useful energy involves two processes. The primary process of extracting kinetic energy is from the wind and conversion of mechanical energy at the rotor axis. In the secondary process, the conversion of rotor's mechanical energy into useful energy carried [3] .
ROTOR → GEAR BOX → GENERATOR → OUTPUT Practically the power obtained by a wind turbine [3] is given as • The power coefficient Cp is the percentage of power in the wind that can be converted into mechanical power and the ratio of the blade tip speed to the wind speed is referred as the TIP-SPEED RATIO (TSR)
R = Radius of the wind turbine rotor. Since
where k is a constant. Hence, wind power output depends on.
Density of Air
Density of wind varies with temperature as 
Generally it is counted as 1.225 kg/m 3 at sea level. Since it is directly proportional to wind power, hence play a role in output power. But the value of density is as low as it does not important (impact) on the total power generated by wind turbine. Density depends on temperature of air and elevation or height of air from sea level. From the above relationship it is clear that as the temperature increases air density reduces and wind power output also reduces. The maximum air density is at the earth's surface. Air density decreases with height away from the surfaces of earth as the pull of the earth's gravity is less.
Wind Power Density
Variation in wind power density also affects the wind power output. It is directly proportional to the wind power output. Wind power density is dependent of air density and height of location as [ ]
From above, it is clear that wind power density increases with height of the turbine rotor.
Turbine Swept Area (TSA)
Turbine swept area or diameter of the rotor blades is directly proportional with wind power output. Wind power output is directly proportional to T.S.A which is directly proportional to (Rotor Diameter) 2 . TSA is a part of rotor design which includes following considerations Blade length, Blade number, Blade pitch, Blade shape, Blade material, and Blade weight etc
The design of the blades used is based on blade element theory and on Betz equation. Drag powered wind turbines are characterized by slow rotational speed and high torque capabilities, while the lift powered wind turbines have much higher rotational speed than drag types and therefore are well suited for electricity generation.
Angle of Attack (Blade Angle)
Practically blade angle can vary in between 1.0 to 15.0 degrees.
Blade Number
Generally aerodynamic efficiency increases with the number of blades but with diminishing return. The fewer the number of blades, the lower the material and manufacturing cost will be. Higher rotational speed reduces the torques in the drive train, resulting in lower gear box and generation costs. Turbine with many blades or very wide blades will be subjective to very large forces when the wind blows at a critical fast speed.
Tip-Speed Ratio (TSR)
The Tip-Speed ratio is the ratio of the rotational speed of the blade to the wind speed. The larger this ratio, the faster the rotation of the wind turbine rotor at a given wind speed. Electricity generation requires high rotational speed. Lift type wind turbines have maximum TSR of around 10 while in drag type turbine the TSR is approximately 1.0.
Wind Velocity
Wind power output is directly proportional to third power of velocity of wind striking on rotor. Hence doubling the wind velocity will result in eight times power output.
Blade Shape
The speed with which the tip of the rotor blade moves through the air is known as tip speed. At the tip of the blades the speed is some 8 times higher than the speed of the wind, hitting the front of the turbine. Hence rotor blades for wind turbine are always twisted.
Rotor's Height
Since wind power output is directly proportional to third power of wind velocity, and wind velocity increases as per 1/7 th law at height, hence height of turbine rotor is another important parameter for turbine output. As per 1/7 th law of wind velocity, which is also known as 1/7 th power law to get the wind velocity at any altitude
The energy in the wind increases with the cube of the wind speed (P directly proportional to V 3 ) and wind speed increases with height. An increase of just 26% in wind speed means twice as much power available in the wind, and the turbine till produce almost twice as much. Double the wind speed and almost eight times power output we will get.
Conclusion for Wind Power
As we discussed above, and from wind power output equation
We can conclude that wind velocity and turbine rotor's area are the two important parameters to increase the wind power output. Since wind velocity increases as per 1/7 th law with respect to height, hence height of turbine rotor is also a critical parameter to increase the wind power output.
An Emerging Technology for Modern Wind Turbines (Augmented Wind Turbines)
Energy obtained from wind is proportional to the cubic of wind speed and hence a small increase in wind speed will result in a large magnification or augmentation of the wind energy. Hence the modern wind turbines are augmented in such a way to increase the wind speed of turbine's rotor to a required value. Now we will discuss about the same design of wind turbine. To increase the wind turbine output, by increasing the wind velocity, is considered by introducing the ducted wind turbine, which will use the equation of continuity as per Figure 1.
where A 1 = Area of intake. V 1 = Velocity of air flow at intake. A 2 = Cross sectional area at venturi. V 2 = Velocity of air at venturi. Construction of such a wind turbine will be such as turbine's rotor will be placed in an augmented or ducted path at venturi so that to utilize the augmentation in velocity (V 2 ).
As the power extracted from wind has a cubic relationship to wind velocity and linear relationship to pressure, this is exploited in the ducted turbine and given an advantage of a factor nearly 17 (improvement factor) over the conventional turbine in theoretical calculations, not including coefficients of power transformations.
To reduce complexity of design in the augmented wind turbine, controlling angle of attack is not built in to the turbine blades , as with conventional wind turbines . The ducted turbine uses Variable Inlet Guide vanes (VIGV ̓́̓ S) mounted in the air stream prior to the turbine rotor, which controls angle of attack maintaining optimum performance, while the mechanism do not have to be mounted in confines of a hub. An annular arrangement is proposed that houses the pitch change mechanism in the nacelle as inner ducting reducing inertia on the rotating mechanism. Hence from above it is clear that by placing the wind turbine inside a convergent duct, we should see increased efficiency as the air flow is accelerated through the venturi. Gains will also be made with reduction of span wise flow and the elimination of blade tip vortices. Accordingly six percent reduction in drag can be gained by the elimination of blade tip vortices.
Comparison of Wind Turbine Output with and without Augmentation

Without Augmentation
No ducting is used in such condition, as shown in Figure 2 . Turbine diameter is set as 3 meter with an unusable hub diameter as 250 mm and wind velocity as 6 m/sec and considering the un useful hub diameter in both cases we get ( ) ( ) If we look at the relationships between the factors of the power eq n , we notice a linear relation between density and power, where as there exists a cubic relation between velocity and power. This will be exploited with the ducted turbine design. The density will be affected by the acceleration of the air flow due to the venturi-effect. To investigate the change in density to the air flow, we must assume dry as being an ideal gas, then apply the ideal gas law equation: This proves the increase in efficiency from a ducted wind turbine. The calculations proves an increase in efficiency of a factor of 17, from the same ambient wind velocity of 6 m/sec and includes the reduction in density as the air accelerates through the venturi, and idol diameter of hub too. This significant increase in efficiency can be exploited in a number of ways, either to make more money with the same size diameter turbine or to make the turbine smaller which is more desired for our purpose.
Introduction of Power Producing Preheaters (P.P.P.H.) in Cement Industry
As we discussed in previous topics that power generated by a modern ducted wind turbine, mainly depends on • Wind velocity.
• Turbine swept area.
• Air density.
• Augmentation used.
Since wind velocity increases with height or altitude from ground or sea level, hence it is the function of height from the ground. Turbine swept area or rotor diameter is a design parameter and depends on site condition and installation and fabrication cost. Air density has very less effect on wind turbine output. Augmentation used is also a design parameter which helps to reduce the rotor size and to increase the wind velocity to a desired value. From all these facts we can conclude that the favorable conditions for better wind power output are as follows:
• Obstacle and turbulence free wind flow.
• High altitude.
• Optimum augmentation.
• High average wind speed. Now considering about a cement plant. Generally in all integrated (Complete) plants, following properties, which are very much favorable to install a ducted wind turbine, are observed • Situated far away from urban area.
• A preheater cyclone tower of reinforced cement concrete (R.C.C) with overall height range 80 -130 meters as shown in Figure 4 .
• Necessary supporting structure to install a ducted wind turbine for augmented performance of turbine. These entire favorable conditions offer us to introduce the concept of Power Producing Preheaters i.e. 3P.H.in cements plants. The structure of such a ducted wind turbine will be installed on preheater tower top roof i.e. at 80 -130 meter height above from the ground to utilize 1/7 th law of wind velocity. Augmentation used increases the average wind velocity near rotor hub i.e. near venturi and r.c.c structure of 80 -130 meter height will reduce the fabrication cost of wind turbine tower structure. Use of such an augmented turbine will have following visible advantages.
Utilization of 1/7 th Law of Wind Velocity
As per this law ( )
Generally in all integrated cement plants, we have an r.c.c (reinforced cement concrete) cyclone preheater tower of 80 -130 meter height, of material composition M20/M30 while top slab thickness is 200 -300 mm, is available. Now considering the average standard wind speed at any site as 4 m/sec (which is measured at 10 meter height above the ground) and height of rotor above the ground level from top slab is 100 meter, then ( ) Hence, the 4 m/sec wind velocity converts into 5.558 m/sec wind velocity. This magnification is very important as it reduces the requirement of big diameter rotor and hence reduces the total cost and load on preheater tower also. Similarly we can calculate the power density amplification as ( )
Introduction of Augmented Wind Turbines
As we saw that ducted wind turbine increases the wind power output nearly 17 times, hence this magnification in total output power is very important to reduce the rotor size and hence its fabrication cost. Ducted turbine works on the principle of equation of continuity as shown in Figure 1 1 1 2 2 A V A V = [5] where A 1 and A 2 are area of duct at any two places while V 1 and V 2 are the velocities of wind at these two points respectively Figure 1 . Due to this principle we can change or get the desired wind speed at turbine's rotor which in turn gives the opportunity to reduce the rotor diameter because installing a large diameter rotor will not be suitable for tower top in cement plants. Hence using ducted wind turbine the rotor diameter can be kept as minimum as required. Along with this, another important advantage of using ducted wind turbine is availability of wind in a unique direction. As we know that ducts of augmented wind turbines use the variable inlet guide vanes to guide the outside wind to rotor's direction, hence any change in the direction of wind will cause no effect on the turbine. Inlet guide vanes and stators have been incorporated into the design of ducted wind turbine to ensure that air flow is offered to the turbine at an optimum angle of attack. For any airfoil cross section to be efficient, it has to be offered to the air flow at the optimum angle of attack.
Low Cost Wind Turbines
Another and equally important advantage of installing a wind turbine on preheater tower top is low cost wind energy. As we know that installing a ducted wind turbine at a high altitude is always favorable, but the fabrication cost of wind turbine tower will increase so much on high altitude that it will not be economical to install. Hence using the r.c.c preheater tower's height for wind turbine tower installation on its top, will reduce almost 60% -70% cost of turbine tower fabrication cost. On the other hand since nearly 11% cost of total cost belongs to grid connection cost, hence using wind turbine output for cement production will eliminate this 11% cost of total cost [6] . The cost break up of total installation cost wind turbine is as follows From the above mentioned table of break up cost for installation of wind turbine, it is clear that 11% of total cost includes grid connection cost while 26.3% of total turbine fabrication cost includes in wind turbine tower fabrication [6] . Hence installing a ducted wind turbine on preheater tower top will reduce this 26.3% cost of turbine tower fabrication and 11% of total cost is reduced by using the generated power in production of cement itself. Both these cost will make a major relief in installation cost per MW.
A Typical Case Study for Introducing Power Producing Preheaters in Cement Plant
Consider an r.c.c cyclone tower of preheater with certain dimensions as per a particular site. The plan i.e. top view and the dimensions this preheater tower is shown in Figure 4 . Typical parameters and dimensions of this preheater tower are as follows
• Breadth of preheater tower = 18.6 meter.
• Height of top slab from ground = 100 meter.
• Width of preheater tower = 27.8 meter.
• Average wind speed recorded at site = 4 m/sec = V 10 . Considering 30 meter hub height from tower top slab, hence overall height of wind turbine rotor from ground = 100 + 30 = 130 meter.
Considering dimensions of prepared duct, as shown in Figure 6 .
• Diameter of duct at venturi = d 1 = 15 meter.
• Diameter of duct at opening = d 2 = 30 meter.
Hence, the final structure of such wind turbine is shown in Figure 5 as below.
• Average wind density = 1.25 kg/m 3 (considering reduction in density at venturi). Now using 1/7 th law of wind velocity at high altitudes, we have A V A V = or 
Some Results and Discussion
As per the study report of CEA (Central Electricity Authority of India) [7] , based on the study of 105 thermal plants in India of more than 100 Mw capacity each with total installed generation capacity of 93,172 Mw, the combustion technology in these 86 plants is based on pulverized coal burning but the type of furnace technology design of the boiler, forced draught fans etc differ with plants. Based on CEA data (2010), specific coal usage at 03 plants is less than 0.6 kg/kWh, at 19 plants usage is between 0.6 -0.7 kg/kWh, at 07 plants usage is between 0.9 -1.0 kg/kWh and at 03 plants usage exceeds 1.0 kg/kWh. In most general cases, specific fuel usage lies in between 0.7 -0.9 kg/kWh i.e. on average 0.8 kg/kWh. In the same report of CEA, we know that emissions per unit of electricity are estimated to be in the range of 0.91 -0.95 kg/kWh for CO 2 , 6.94 to 7.20 gm/kWh foe SO 2 and 4.22 to 4.38 gm/kWh for NO, during coal consumption for electricity generation [7] .
Hence keeping in mind about these facts, the effects and advantages of introducing Power Producing Preheaters technology in cement industry can be conclude as.
In Terms of Cost
As we know that cement industry is continuously struggling by high input cost of raw material and high power cost. With the use of 3P.H. we are trying to reduce the power cost for cement production.
We know that in modern cement plants, power consumption of per ton cement manufacturing lies in the range of 90 -100 units per ton of cement production [1] , while through grid it costs nearly 5.50 INR/unit [7] 
In Terms of Power Consumption in Cement Production
Total power consumption per day in a 2.0 MTPA cement plant is = 5556 × 95 units = 527,820 units/day.
While we are generating 672 × 24 units = 16,128 units/day. Hence actual consumption will be= 527,820 − 16,128 = 511,692 which is equal to 92 units per ton of cement. Hence total 03 units per ton of cement production will be reduced. Hence total reduction per year will be = 5556 ton × 30 days × 12 months × 03 units = 600,480 i.e. 6.0 million units per year.
In Terms of Environment
Total generated output power = 672 kWh = 672 units/hr.
Hence total units generated per year = 672 × 24 × 30 × 12 = 5806080 units = 5.8 million units per year. This generated energy is absolutely green energy and pollution free in nature. Hence total reduction in green house gases will be • 5,806,080 × 0. Reduction of emission in such amount will definitely result and effect up to a great extant in reduction of green house effect by reducing temperature and hence global warming to. This will help our society in a positive direction. Reduction in such amount of emission of green house gases is very important as per I.P.C.C study and warning.
In Terms of Raw Coal Availability
Total generated output power 5 All these benefits are only from a single plant. Applying 3.P.H. technology in whole cement industry will multiply the results up to a significant level.
Variations Expected on Results
So far we have discussed till now about the technical data, output and different parameters etc. All these will vary up to some extent on account of the following facts.
Due to seasonal Variations
Average wind speed varies with season to season. Generally it is recorded that wind speed in the month of May, June, July and August, is higher side while in the months of October, November, December, and January it is on lower side. In remaining period it remains in middle range. Due to these variations of wind speed with season total output power may vary up to certain extant.
Variations Due to Ducting Size
Calculations for wind power output are based on turbine rotor diameter and on size of ducting used that is on amount of augmentation used. These parameters are dependent on various factors like availability of space, feasibility in fabrication, fabrication cost, maintenance cost , load bearing capacity of preheater tower and finally on designed/desired output. So all the dimensions are site dependent and also depend on a particular preheater tower. Project feasibility and economics are also important to decide all parameters.
Variation in Emission Calculations
Amount of green house gases depends on type and quality of coal used for power generation and hence amount of emission vary with the type of coal used.
Variation in Wind Speed Due to Climate Change
In recent years it is observed that due to global climate changes the average annual wind speed is increased, which is an advantageous factor for installing 3P.H. concept in cement plants. This increment is continuously going up and hence encouraging us to install 3P.H. in cement industry.
Conclusion
The research paper shows the reduction in emission of green house gases during production of cement in cement industry. Simultaneously, implementation of this technology in cement industry reduces the power cost in cement production and hence reduces coal consumption through which cost saving in monetary terms is also possible. Since raw coal reserves are fixed in the world hence this technology is very useful to save raw coal of cement producing countries. Since availability of good average wind speed in cement plant preheater top reduces the installation of augmented wind turbine, hence the payback period is low which in turns increases the profit of the industry.
